Postoperative delirium is associated with decreases in long-term cognitive function in elderly populations.
P ostoperative delirium, defined as delirium occurring 24 to 72 hours after surgery, is a commonly encountered condition. The incidence varies between 4% and 61%, depending on the type of surgery. [1] [2] [3] [4] [5] [6] [7] This variation in incidence largely owes to differences in the surgical populations sampled in different studies. Less-invasive, shorter operations tend to have a lower incidence of postoperative delirium compared with longer, more-invasive procedures. For example, the incidence of postoperative delirium has been reported as 4.4% in patients who have had cataract surgery, whereas the incidence in patients who have had a hip fracture repair has been reported as 61%. 1, 2 Despite the known prevalence of this condition, postoperative delirium is frequently not recognized in clinical practice. 8 Patients who develop delirium in the postoperative period have an increased risk of numerous poor outcomes. Patients with postoperative delirium have an 11% increase in the risk of death at 3 months, compared with those who do not develop delirium, and have up to a 17% increased risk of death at 1 year. 9 Postoperative delirium is associated with increased duration of hospitalization as well as 3 times the odds of being discharged to a skilled nursing facility at hospital discharge. 9, 10 Other research has demonstrated that, in addition to an increased risk of mortality and hospital length of stay, delirium correlates with an increased risk of long-term cognitive impairment. This decrease in long-term cognition has been demonstrated in elderly patients undergoing cardiac and orthopedic surgery. 11, 12 However, to our knowledge, these changes have not been prospectively explored in a younger, moreheterogeneous surgical population. We hypothesized that the negative outcomes of postoperative delirium on postoperative cognitive recovery would be present in a younger, moreheterogeneous population and conducted a prospective cohort study to investigate this association.
Methods
We conducted a prospective cohort study at a single academic medical center (≥800 beds) in the southeastern United States from September 5, 2017, through January 15, 2018. The University of North Carolina Institutional Review Board reviewed and approved our study protocol. Participants provided verbal informed consent; surrogate consent was obtained if the patients had cognitive impairment. Patients did not receive financial compensation. We included all patients aged 18 years or older who spoke English and were anticipated to require at least 1 night of hospital admission after a scheduled major nonemergent surgery. Major surgical procedures were defined as those requiring at least 1 night of hospitalization after the scheduled operation. Emergent surgery was defined as an unscheduled outpatient procedure. We excluded prisoners, persons from whom we could not obtain baseline cognitive assessments, and those from whom we could not obtain informed consent. Hospitalized patients who required elective surgery were excluded as well.
We performed daily screens of the scheduled upcoming surgical procedures listed in our electronic medical records to identify patients of interest. All potential participants were contacted via telephone 24 to 72 hours before their scheduled operations. All participants were assessed for baseline cognitive function via the telephone version of the Montreal Cognitive Assessment (T-MoCA). 13 The T-MoCA is scored on a scale of 0 to 22, with higher scores indicating better cognitive function. This validated tool provides a quick global assessment of cognition and can be readily performed via telephone. On postoperative days 1, 2, and 3, a trained researcher (C.A.A., T.O., E.S., or D.E.) assessed all patients for the presence of delirium via a form of the Confusion Assessment Method (CAM), the current standard delirium clinical assessment tool. 14 A structured version of the CAM that can be performed in less than 3 minutes (3D-CAM) was used for patients with verbal ability and the CAM-Intensive Care Unit tool was used for patients who were receiving mechanical ventilation or were otherwise nonverbal. 15, 16 We performed postoperative follow-up cognitive assessments via telephone at 30 and 90 days after discharge. We used the T-MoCA tool for these assessments to allow us to conduct comparisons with preoperative baselines. The researchers performing the T-MoCA assessments were blinded to the results of the postoperative CAM evaluation. Cognitive impairment was defined as a T-MoCA score less than 18.
Medical record reviews were conducted for all patients to record demographics, surgery type, duration of anesthesia, and preoperative American Society of Anesthesiologists Physical Status Classification System (ASA) scores. The ASA scores range from 1 to 5, with 1 indicating an overall healthy patient with low mortality risk and 5 indicating a moribund patient who is unlikely to survive. 17 Data were collected on participant selfreported race and ethnicity because we believed there may be racial and ethnic differences in the incidence of cognitive impairment. All data were deidentified immediately and entered into a secured data management system (REDCap).
Statistical Analysis
The predetermined primary exposure variable was any delirium on postoperative days 1 to 3, and the outcome variable
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was change in the T-MoCA score from baseline. We conservatively estimated a postoperative delirium (exposure) prevalence of 16%. Based on this assumption, a total sample size of 132 patients (22 delirium, 110 nondelirium) would have 80% power to detect a 2-point difference in the T-MoCA score from baseline between the 2 groups assuming the common SD is 3 points, using a 2-group t test with a P < .05, 2-sided significance level. Because we anticipated some degree of participant loss to follow-up, we targeted a total of 185 patients, which would account for up to 40% loss to follow-up. Other outcome variables were analyzed as secondary outcomes. Descriptive data were summarized using means with SD or medians with ranges for continuous variables and proportions for categorical variables expressed as percentages. A χ 2 analysis was used for comparison of binary variables and the t test was used for comparison of means. We applied multivariate linear regression to adjust for potential effect modifiers for our primary outcome. Our initial model included age, preoperative ASA physical status, preoperative cognitive impairment, and duration of anesthesia. We used β estimates from the final model to calculate adjusted mean change in the 90-day T-MoCA score for each delirium group. Stata, version 14.2 (StataCorp), was used for all analyses. Table 1) .
The patients underwent different types of surgery; abdominal and urologic were the most common ( Table 2) Table 2) . Twentyseven patients (14.1%) required hospital readmission within 30 days of discharge.
Thirty-five patients (18.3%) were delirious on postoperative day (POD) 1. Of these, 5 patients (14.3%) were discharged at that time. Thirty-one (21.4% of the remaining 145 patients) were delirious on POD 2, and 6 of these patients (19.4%) were discharged while delirious. Of the 31 cases observed on POD 2, 13 patients (41.9%) also had been delirious on POD 1 and 18 of the cases (58.1%) were new.
Twenty-one (19.3% of the remaining 109 patients) were delirious on POD 3, and 4 of them (19.0%) were discharged with active delirium. Of these 21 cases, 7 patients (33.3%) were delirious on POD 1 or 2 and 14 patients (66.7%) represented new cases. All patients discharged while delirious on POD 1, 2, or 3 were discharged home. Fifty-nine (30.9% of all participants) were delirious on POD 1, 2, or 3 ( Table 3) .
The mean (SD) baseline preoperative T-MoCA score was 18.2 (3.1). We completed 30-day T-MoCA assessments on 131 of all patients (68.6%). Of the other patients, we were unable to contact 51 (26.7%), 6 (3.1%) declined further assessment, 3 (1.6%) were unable to verbalize and therefore not assessable, and 1 (0.5%) was not assessable for other reasons. The mean 30-day postoperative T-MoCA score was 18.6 (2.8) (Table 3) .
We completed 90-day T-MoCA assessments on 135 of all patients (70.7%). Of the other patients, we were unable to contact 35 (18.3%), 12 (6.3%) refused assessment, 5 (2.6%) were unable to verbalize, 3 (1.6%) were not assessable for other reasons, and 1 (0.5%) had died ( Figure) . The mean 90-day postoperative T-MoCA score was 18.8 (3.1) (Table 3) .
30-Day Follow-up Assessments
Patients with and without delirium had a small increase in T-MoCA scores at 30 days compared with baseline on unadjusted analysis (without delirium, 0.64; 95% CI, 0.18-1.10 vs with delirium, 0.33; 95% CI, −0.64 to 1.31) ( Table 4) . When stratifying by preoperative cognitive impairment, we found that patients without baseline cognitive impairment who developed delirium had a 0.87-point decrease in 30-day T-MoCA scores (without delirium, 0.79; 95% CI, 0.36-1.23 vs with delirium, −0.07; 95% CI, −0.78 to 0.64). We found that patients with preoperative cognitive impairment had an increase in cognitive performance at 30 days, but this increase was attenuated if the patient was delirious in the postoperative period (without delirium, 0.79; 95% CI, 0.36-1.23 vs with delirium, −0.07; 95% CI, −0.78 to 0.64) ( Table 4) .
Primary Outcome
For our primary outcome of interest, both patients with and without delirium had a small increase in T-MoCA scores at 90 days compared with baseline on unadjusted analysis (with delirium, 0.69; 95% CI, −0.34 to 1.73 vs without delirium, 0.67; 95% CI, 0.17-1.16) (Table 4) . Our initial multivariate linear regression model included age, preoperative ASA score, preoperative cognitive impairment, and duration of anesthesia. There was no significant difference in our outcome of interest when stratified by age; patients aged 65 years and older had a 0.15-point increase in T-MOCA from baseline compared with those younger than 65 years (95% CI, −0.65 to 0.96). Preoperative cognitive impairment proved to be the only notable confounder. When adjusted for preoperative cognitive impairment, patients with delirium had a 0.70-point greater decrease in 90-day T-MoCA scores than those without delirium compared with their respective baseline scores (with delirium, (Table 4) . Patients with baseline cognitive impairment had an increase in cognition at 90 days, but this increase was attenuated if they were delirious in the postoperative period. Patients with preoperative cognitive impairment who were not delirious had an increase in their T-MoCA score from baseline of 2.77 points, whereas those who were delirious had an increase of 2.07 points (difference, 0.7 points; 95% CI, −1.64 to 0.23).
We performed secondary analyses assessing the association of longer duration of delirium (ie, delirium present on POD 1, 2, and 3) and change in cognitive function at 90 days after surgery. Patients who were delirious on only 1 day had an unadjusted decrease in their T-MoCA score of 0.15 points (95% CI, CI, −1.34 to 1.05; P = .81). If patients had delirium on 2 of the 3 days observed, the decrease in T-MoCA increased to 0.23 points (95% CI, −1.72 to 1.26; P = .76). Those who were delirious on all 3 days had a decrease of 0.96 points (95% CI, −3.08 to 1.17; P = .37).
Discussion
This prospective cohort study reveals multiple observations. Postoperative delirium had a negative association with 30-and 90-day cognition in all participants. Those with preoperative cognitive impairment appeared to have an improvement in cognition at 30 and 90 days after major nonemergent surgery. However, this increase was attenuated if the patient experienced postoperative delirium. Those with delirium on multiple days had a greater decrease in cognition at 90 days compared with those with delirium only for 1 day. There was no difference in our outcome of interest when stratified by age indicating that this is an age-independent process. Furthermore, a considerable number of patients were discharged home while delirious.
To our knowledge, this is the first study to assess the association between postoperative delirium and change in cognitive function from baseline in a broad, heterogeneous surgical population. Prior research has evaluated select surgical populations and demonstrated that patients are at increased risk of long-term cognitive decline if they are delirious after surgery. Saczynski examined patients aged 70 years or older undergoing major surgery and found that postoperative delirium was associated with cognitive decline that persisted up to 36 months after surgery. Our findings suggest that postoperative delirium has a negative association with the cognitive function of all adult patients that may persist up to 3 months after surgery. This finding agrees with the results seen in other, more elderly surgical samples. Our findings indicate that delirium has a negative association with cognition that is independent of age. We also observed that patients were discharged home while delirious. Given the negative cognitive effects of delirium, evaluation of the result of this condition on dayto-day function after discharge home (eg, driving, returning to work) would be valuable in guiding clinicians and formulating safe discharge plans. However, to our knowledge, this aspect has not been evaluated to date and warrants future exploration.
Our data indicate that patients with preoperative cognitive impairment are more likely to become delirious. This find- 19 In addition, our data suggest that patients with preoperative cognitive impairment have an improvement in cognition after surgery, but this improvement was not as great if the patient developed postoperative delirium. This observed improvement can be partly be explained by regression to the mean or by a component of learning effects with repeat T-MoCA assessments. 20 Alternatively, the improvement suggests that, in some patients, the acute condition that required surgery had a negative effect on preoperative cognitive function likely owing to associated pain or narcotic medications, and those with cognitive impairment may derive additional benefits beyond the immediate expected surgical benefits.
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Limitations
Limitations of this study include some degree of loss to followup despite our efforts to assess all participants. It is likely that some of the patients that we were unable to reach had decreased cognition that may have precluded them from being assessed via telephone. Assuming nondifferential misclassification, this lack of assessment would tend to bias our results toward observing no difference and, therefore, the association between postoperative delirium and cognition may be greater than what we observed.
We assessed patients for delirium only on PODs 1 to 3. It is possible that some individuals developed delirium after this period. However, we wished to limit the study to the outcome of postoperative delirium. Any delirium that developed after POD 3 was likely attributable to another cause and, although important, not fully pertinent to the present study. In addition, the study was conducted at a single academic, tertiary medical center, and results may not be generalizable to other settings. However, our results align with prior findings from other, more elderly patient populations.
Conclusions
Postoperative delirium has a persistent negative association with cognitive function 3 months after surgery in a heterogeneous population of patients undergoing major nonemergent surgery. Future preventions and/or treatments for postoperative delirium should therefore be directed toward all adult surgical patients. Given the prevalence and detrimental effects of delirium, all postoperative patients should have routine assessment for this condition. Those with preoperative cognitive impairment appear to have improvement in cognition after surgery, but this may be attenuated if they become delirious.
Cognitive impairment alone should not preclude patients from undergoing indicated surgery. Many patients with postoperative delirium are discharged from the hospital while delirious. Further research into the clinical effect of delirium persistent to time of discharge home is needed. Postoperative cognitive impairment has been challenging to define given the varied cognitive tests used across previous studies. Also, earlier literature is unclear whether exposure to an operation, often using ill-defined surgical and anesthesia factors without nonoperative controls, played an independent role in long-term cognition. However, the momentum of current evidence is that preoperative patient features (eg, educational level, employment) and critical neurologic events during hospitalization (eg, delirium) independently influence long-term cognition. Operation alone does not appear to influence long-term cognition.
1-4 So, we read with great interest this work by Austin et al, 5 published in this issue of JAMA Surgery, that evaluated 191 patients after nonemergent surgery across multiple specialties and concluded that those with preoperative cognitive impairment have improved cognition 90 days postoperatively and that this nonsignificant outcome was attenuated by delirium. First, limitations of the analysis need to be emphasized. The main analysis uses change in cognition (difference in 90-day telephone-administered Montreal Cognitive Assessment [T-MoCA] score from baseline) as the outcome and adjusts for preoperative cognition (T-MoCA) with other confounders. The optimal approach for pre-post data that is statistically more powerful, efficient, and unbiased is one that uses the posttreatment score as an outcome and adjusts for the baseline score. 6 In this case, the 90-day T-MoCA score would have been better positioned as the outcome. An added advantage of this approach is that effect estimates can be clinically interpreted in terms of the outcome rather than change from baseline. For example, does a less than 1-point change in the T-MoCA score reflect a clinically meaningful cognitive change? Second, patients were classified as having delirium if they had 1 day or more of delirium and classified as not having delirium if they were delirium-free through the first 3 postoperative days. Because some patients may be discharged earlier, they lose the opportunity to be classified as having delirium, leading to misclassification bias and biased estimates of the association between delirium and cognition. This concern is magnified with the differences in lengths of stay between the delirium and nondelirium groups (6.7 vs 3.4 days). The authors incompletely mitigated this limitation by examining duration of delirium with an unadjusted cognitive outcome. Third, the authors concluded that patients with preoperative cognitive impairment had improvements in cognition 90 days after surgery and that this nonsignificant outcome was attenuated for patients with delirium. Aside from the lack of externalizable generalizability that cognition is improved by having surgery, such a complex and controversial conclusion can be achieved only by statistically fitting an interaction between preoperative cognitive impairment and delirium.
The challenges associated with long-term follow-up in clinical studies are emphasized in this study, since only 135 (70.7%) of the 191 enrolled patients were assessed at 90 days. The authors acknowledge in their limitations that those lost to follow-up may have decreased cognition, thus inducing bias in the association between delirium and cognitive impairment. Although the T-MoCA used to measure cognition is a Related article page 328
